Abstract -The acute phase reaction is a natural response to tissue injury and includes a range of metabolic activities which include alterations in the rate of synthesis of several proteins produced by the liver. It is recognised that the cytokines play a key role in mediating this response. Research is directed toward an understanding of this response from the stimulus through mediation to the role of the proteins produced. Measurement of the proteins in serum is of considerable value in the diagnosis, management and prognosis of many diseases that exhibit an acute phase response.
Inflammation, resulting from any form of tissue injury causes an increase in concentration of a number of liver-derived plasma proteins -the acute phase proteins (APP). This response is mediated by cytokines released from cells at the site of inflammation and is accompanied by several other systemic responses such as leucocytosis, fever and muscle proteolysis. The response is markedly conserved throughout evolution and may serve to replenish inflammatory mediators and inhibitors consumed during inflammation. The differential induction of these proteins by different cytokines does, however lead to speculation over whether the nature and chronicity of inflammation may be influenced by the pattern of acute phase proteins produced and whether the defects in the system may predispose to pathological consequences (ref.1).
MOLECULAR BASIS OF THE ACUTE PHASE REACTION
The bulk of acute phase protein synthesis occurs in the liver parenchymal cells with increasing numbers of hepatocytes being recruited during the first few hours of the inflammatory response (ref. 2) . However synthesis of some acute phase proteins has been demonstrated in extra hepatic sites, in particular in cells of the monocytemacrophage lineage (refs. 3, 4 ).An enormous amount of experimental work has been undertaken using whole animals and hepatocyte cultures to characterise the mediators of the acute phase protein response. It is now clear that the full spectrum of the response can probably be attributed to interleukin -6 (IL6) acting in conjunction with interleukin-1 (IL1) and glucocorticoids. In addition, tumour necrosis factor can regulate a subset of acute phase proteins (refs. 5,6 ). In the rat, glucocorticoids and catecholamines may induce a2 -macroglobulin synthesis without requirement of the cytokines (ref. 7). The cytokines responsible for the acute phase response are derived predominantly from activated macrophages at the site of injury though many other cell types may be capable of synthesizing them. When classified according to function it is clear that the acute phase proteins may all have roles to play in inflammation or the healing process which follows, ( Table 1 ) .
The rate of increase in their plasma concentration and the incremental change achieved following inflammatory stimulus in vivo, varies considerably and reflects their induction by different cytokines, their molecular size, volume of distribution and rate of metabolism both in the circulation and at the site of inflammation. Kushner (ref. 9) has defined acute phase proteins as those whose concentration increases by 25% or more following inflammation and has classified human acute phase proteins into three groups on the basis of the magnitude of their increase ( 
KINETICS OF THE ACUTE PHASE RESPONSE
In man CRP and serum amyloid A (SAA) show the greatest response to injury although the rate of increase in plasma concentration and the incremental change achieved following the inflammatory stimulus varies considerably between the acute phase proteins. These variations possibly reflect the differential sensitivity to induction of synthesis although in a particular species the pattern of response to acute inflammation is constant. In chronic inflammation different patterns of response may be seen following different stimuli, in different inflammatory diseases, and following the same stimulus in different species or individuals of the same species. This complex situation may reflect alterations in the rate of synthesis of individual proteins in response to changes in regulating mediator patterns. Glibetic and Baumann (ref. 13) showed that during the progression from acute (less than 24 hours after injury) to 1112 T. WHICHER. J. BIENVENU AND C. P. PRICE chronic inflammation in the mouse, there was a switch from a predominant expression of the gene for a -acid glycoprotein 1 to the gene for a 1 -acid glycoprotein 2. In addition, the concentration of albumin mRNA returned to normal levels after an initial reduction of 50% whereas the mRNA for SAA, a 1 acid glycoprotein, haptoglobin and fibrinogen was maximal at 24 hours and decreased afterwards despite continuing inflammation. These findings afford some evidence that a change in regulation of protein synthesis for different proteins occurs during chronic inflammation.
CYTOKINES A N D THE ACUTE PHASE RESPONSE IN VIVO
Evidence of correlations between plasma IL1 levels and acute phase reactants in man are not apparent despite the recent availability of sensitive immunoassay detection methods. Using bioassay methods serum levels have been detected in patients with burns (ref. 14) and following surgical procedures Nijsten et al also showed that IL6 detected in plasma within hours after burn injuries was 2 to 100 times the normal level while increases in CRP and al -antitrypsin followed more gradually. In post-operative patients IL6 was detectable in serum within 3 hours, had reached a maximum at 24 hours and levelled off by 48 hours, whereas CRP could not be detected during the first 6 hours but gradually increased over the next 48 hours The other acute phase proteins measured, haptoglobin, a1 -antitrypsin and orosomucoid, increased gradually over a longer time course. IL6 has also been reported in the serum and synovial fluid of patients with various rheumatic diseases; synovial fluid levels of IL6 were found to be a thousand-fold higher and to correlate positively with those in serum, suggesting localised production in the joint Synovial fluid levels of fL6 could also be correlated with articular index, a clinical measure of local inflammation, whereas serum lL6 levels were positively correlated with CRP and negatively correlated with albumin in rheumatoid arlhrita. Raised levels of IL6 in serum, urine and CSF have also been reporled in various other inflammatory conditions involving acute phase responses.
MEASUREMENT
Whilst many of the acute phase proteins have a demonstrable biological function, immunoassay techniques are now preferred for the quantitation of these proteins. The first immunological methods included immunodiffusion and electroimmunoassay and were popular because of their economy and simplicity. In addition latex slide fixation techniques were used for the measurement of CRP to provide rapid semi-quantitative answers. However the advent of immunoprecipitation methods has revolutionized the measurement of the APPs. lmmunoprecipitation methods depend on the polyvalency of the antigen and the bivalency of the antibody to produce an immune complex with an increase in size and refractive index and a concomitant increase in light scattering.
The principles of light scattering immunoprecipitation methods and strategies for method optimisation are described in several reviews (refs. 15,16) . The choice of the antibody will depend on the required sensitivity, range and specificity of the method. In this respect it is particularly important to ensure that there are sufficient binding sites to achieve complex formation, avoiding the situation of antigen excess. The inclusion of polyethylene glycol (PEG) in the reaction mixture enhances the rate of immune complex formation and in some instances the calibration range of the assay. However it is important to avoid increasing the PEG level to the extent that nonspecific precipitation of proteins occurs; this may increase sample blanks and in the extreme, removal of the antigen of interest.
Light is scattered in all directions to differing degrees depending on the size of the scattering species and thus the apparent reaction kinetics. Hence method optimisation, will depend on the detector system. The detection of immune complex formation commonly involves nephelometry or turbidimetry. However the ideal nephelometer configuration involves a forward scatter angle for maximum sensitivity but this is only available with dedicated instrumentation. In addition a laser light source will also improve the sensitivity of detection. It is now being claimed that biosensor technology will provide new diagnostic techniques that will enable rapid and accurate assays to be performed outside the laboratory. These techniques include electrochemical and optical immunosensors. One of the most exciting possibilities is that of surface plasmon resonance spectroscopy. The technique depends on changes in the nature of totally internally reflected light upon a change in refractive index at the surface of a prism like device. The change in refractive index could involve binding of antigen to immobilized antibody with additional sensitivity achieved using latex particles. One of the attractions of this technique is the rate of reaction.
Whatever methodology is used the desired accuracy will only be achieved with appropriate calibration. In several studies it has been shown that interlaboratory variation is not method but calibrator dependent, and that on a common calibrator can improve interlaboratory performance dramatically (ref. 20) .
CLINICAL UTILITY
The measurement of APPs has become popular because (i) inflammatory diseases represent a common circumstance in clinical practice, (ii) the increase of APP constitutes one of the major characteristic changes which can objectively document the occurrence of an inflammatory process for the clinician, (iii) the relative merits of the different APP are now well documented, (iv) rapid and precise methods of measurement are available.
Does the ideal APP exist?
Some 30 proteins have been reported to increase in serum during the acute phase response (ref. 21). The most commonly measured proteins are CRP, haptoglobin a1 -acid-glycoprotein or orosomucoid, a 1 -protease inhibitor (al -PI) previously termed a1 -antitrypsin and a l -antichymotrypsin (Table 2 ). An ideal protein should exhibit rapid kinetics with a marked elevation after the These types of proteins are also very useful to monitor out-patients for whom samples are taken less frequently (ref.
23). In a study on 171 patients admitted to a gastroenterology unit, Calvin et al. (ref. 24) found that for assessment of inflammatory status at anti chymotrypsin was the most sensitive test (95%) compared to CRY, haptoglobin, a1 acid glycoprotein , a1 antitrypsin and ESR, its specificity being 81%. They pointed out that a sample withdrawn eight days after an event inducing an acute phase response can give a normal CRP concentration. From the above considerations, the French Society for Clinical Chemistry (SFBC) has proposed the combined determination of CRP with haptoglobin and/or m1 acid glycoprotein for the diagnosis and monitoring of inflammatory disorders.
What are the clinical indications of APP measurement?
Detection of organic disease. The elevation of serum acute phase proteins is a marker of tissue injury. Diseases associated with a major rise of APP (particularly CRP) are listed in Table 3 . Akernatively systemic lupus erythematosus, scleroderma, ulcerative colitis, leukemia and viral infections are not characterized by an increase in CRP levels. Many clinicians have used APP measurement for screening purposes. As stressed by Kushner (ref. 25) , the cost effectiveness of this strategy is questionable in asymptomatic patients or in people with trivial symptoms. On the contrary, with a clinical history of an evolving disease or when the indications are more focused (post surgical or neonatal period for infectious risk) APP measurements.constitute a helpful tool for selecting who will need further investigations.
In these situations, the early detection of bacterial infections has been largely documented (ref. In rheumatology, Hind & Pepys (ref. 34) reported that more than 90% of patients with rheumatoid arthritis (RA) had elevated CRP values. For these authors, CRP was the most precise objective laboratory test of disease activity: values exceeding 50mg/L are common in mild or moderate RA and frequent in severe RA. Furthermore, it has been shown that CRP concentrations are correlated with radiological changes (ref. 35) . A correlation between disease activity and CRP levels has also been described in Crohn's disease (ref. These conclusions are also true for the monitoring of antibiotic therapy in adults; if a CRP is elevated when the diagnosis of bacterial infection is made and if this level does not decrease after 24 to 48 hours of antibiotics, it suggests an inadequate therapy and indicates the need for a change in antibacterial drugs.
Detection of lntercu rrent infections. In diseases which do not usually induce an APP elevation a sudden and important rise in CRP levels is indicative of an intercurrent bacterial infection. This application of APP measurement has been well documented in systemic lupus erythematosus (SLE) and in acute leukemia. Hind and Pepys (ref. 34) suggested that in SLE a serum CRP greater than 60 mg/L strongly suggests the existence of an infection a CRP level less than 30 mg/L makes a serious infectious disease unlikely.
In acute leukaemia, infections are a frequent cause of death, particularly in neutropenic patients. Among the rapid tests for the diagnosis of infections CRP is of special interest with serum concentrations above 100mg/L in bacterial infections (ref. 39); here again, the response to antibiotic therapy can be followed by CRP quantitation. The quantitative differences in CRP response during particular diseases that can present
The transport proteins , albumin, transferrin, prealbumin, and retinol binding protein are considered as negative acute phase proteins. This has been clearly illustrated by clinical data in the post-surgical period where a maximum decrease of the "nutritional proteins" coincides with the acute phase proteins peaking (3-4 days after operation) and a return to normal values when the acute phase process has ceased (refs. 43-44) . Hence the diagnosis of malnutrition based on the concentration of transport proteins during the early post-surgical period is not possible. In general, when APP are elevated, the interpretation of "nutritional proteins" must be cautious, particularly during infection episodes which are frequent in malnourished people. Apo A1 has also been known to be dramatically decreased during the acute phase response. In a study including 14 patients with sepsis admitted in an intensive care unit, Bienvenu et al reported a significant decrease of Apo A1 (0.50 f 0.29 glL) compared to a control group (1.01 0.26 g/L) of patients undergoing elective surgery (ref. 45) . SAA which circulates with HDL3 could be implicated in these abnormalities because of its ability to displace Apo A1 from its binding to HDL. Another study designed to determine the changes in plasma apolipoproteins during inflammatory diseases, attempted to define the corresponding bias in estimation of cardiovascular risk on the basis of Apo A1 and Apo B measurements. On admission, Apo A1 levels in 133 hospitalized patients with inflammation was 1.04 f 0.32 g/L(mean k SD.) which was significantly lower than the level in 106 control patients (1.30 f 0.30 g/L). Apo B concentrations were similar in the 2 groups. 60 days later, Apo A1 levels were not modified in 29 patients presenting a persistent inflammation, while in 31 patients in which inflammation had resolved a significant increase of Apo A1 was observed (1.43 f 0.31 at day 60 versus 1.07 f 0.32 g/L at first presentation). This variation in plasma apolipoproteins during the inflammatory process is comparable in magnitude with the difference reported between groups of patients with and without coronary -artery disease. Thus, the use of apolipoproteins for the screening of cardiovascular risk are inappropriate during the inflammatory response.
Perspectives: will acute phase cytokines replace APP measurement? It has been proposed that the measurement of the "acute phase cyiokines" could be a more precise and more sensitive tool in the exploration of inflammatory and infectious diseases.
Increased concentrations of TNFn , IL 1 p and IL -6 in body fluids have already been reported in many clinical 1116 T. WHICHER, J. BIENVENU AND C. P. PRICE conditions . These 3 cytokines are elevated in synovial fluid during RA (refs. 46-48) with a correlation with disease activity for IL -1 and IL -6 ; but, this rise is not specific for RA as it is also found in other inflammatory rheumatoid diseases. In septic shock. TNFn levels are remarkably high and this cytokine has been identified as having a pivotal role in the pathophysiology of the disease (ref. 49 ). In the diagnosis of graft rejection, the increase of TNFa in serum (ref. 50) and of IL -6 in sefum and urine (ref. 51) should be of some help in the early diagnosis of renal rejection with a rise occurring two to three days before clinical evidence In ouf opinion, the measurement of acute phase cytokines should be limited to a restricted number of clinical situations such as for example sepsis /septic shock for TNFn and IL-6. Furthermore, the introduction of these new parameters will largely benefit from the development of low cost and rapid methods for their determination, in accordance with the rapid turn-over of these molecules. Hence, the quantitation of APP and particularly CRP will stillremain for the next few years the major tool in the exploration of inflammalory disease. 
